1 7 1 8
partial deletion mutant lacking exons 1 to 6 but bears intact two uncharacterized genes within the 1 3 5 NOS locus ( Fig 1A) . RT-qPCR using the primers targeting the exons commonly included in all 1 3 6 variants (exon 10 and 11) confirmed the absence of the full-length NOS1 mRNA expression in 1 3 7
NOSΔall mutants ( Fig. 1B) A reduced level of the product was detected in NOSΔter mutants, 1 3 8 consistent with the location of the deletion. Furthermore, we directly measured NO production in 1 3 9 cultured whole brains using a fluorescent dye . NO was virtually undetectable in 1 4 0
both NOSΔall and NOSΔter strains in this assay, confirming that both are complete loss-of-1 4 1 function mutants (Fig. 1C ).
4 2
Having validated the deletion mutants, we next tested their locomotor activities in LD heterozygous mutations had no effect on rhythmicity (Table 1 and Fig. 2A ). Moreover, morning 1 4 6 activity patterns in LD were strongly impaired in homozygous and trans-heterozygous mutants, 1 4 7 nearly lacking both anticipatory increments of activity before lights-on and the startling reaction in photoreception through the compound eyes known to be necessary for this phenomenon 1 5 0 (37, 38) . This is consistent with the fact that NO/cGMP signaling is necessary for neurites through the cGMP pathway (31). It is an interesting parallel to note that forced production of NO In line with recent studies (7, 58, 59) , our research expands the view on the factors that 3 3 9
participate in neuronal and molecular mechanisms of circadian rhythmicity. The finding that cycles. Two CRISPR deletion mutants NOSΔter, NOSΔall were kindly provided by O. (66), Elav-Gal4 (67), R6-Gal4 (68), UAS-miR unf (12,14) were described previously. The locomotor behavior assay was performed as described previously (12) and data were Student's t test (2-tailed) was used to compare the free-running period. The brains were imaged using a Leica SP5 confocal microscope. At least 10 brain hemispheres 3 6 8 1 5
were subjected to analysis using Image J software (National Institutes of Health). The anti-PER 3 6 9 signal was quantified as previously described (12). Aldrich) in PBS for 1 h at RT, followed by the fixation for 15 min in PBS containing 4% measurements at different times of the day, the procedure was exactly the same with the 3 7 7
omission of the fixation step. Long-term NO measurement in ex-vivo brain culture was 3 7 8
performed as described in (70). Briefly, brains were dissected on an ice-cold plate in modified 3 7 9
Schneider's medium (SM active ) (71) with an addition of 5 mM Bis-Tris (Sigma) and then Total RNA was isolated from adult fly heads using Trizol (Invitrogen) following the 3 8 7
manufacturer's protocol. The RNA was reverse-transcribed using oligo(dT) primers, and the 3 8 8
resulting cDNAs were quantified using real-time qPCR as previously described (47). The mRNA 3 8 9 levels of dNOS1 were normalized to those of elongation factor 1 (Ef1). : 
